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(57) ABSTRACT

Distances from three displacement meters arranged 1n a first
direction to three measuring points arranged along a measure-
ment line that extends in the first direction on a surface of an
object to be measured are measured while a movable body,
which 1s erther the three displacement meter or an object to be
measured, 1s moved 1n the first direction relative to a station-
ary body, which 1s the other one. Solution candidates are
determined which are defined by two profiles among a surface
profile along the measurement line, a profile of locus curve
which 1s the locus a reference point fixed to the movable body,
and a profile of a pitching component accompanied with the
movement of the movable body. One candidate solution with
the highest fitness 1s extracted by applying a genetic algo-
rithm using a fitness function defined on the basis of the other
profile.

4 Claims, 8 Drawing Sheets
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STRAIGHTNESS MEASURING METHOD
AND STRAIGHTNESS MEASURING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a straightness measuring,
method using a three-point method and a straightness mea-
suring apparatus.

Priority 1s claimed on Japanese Patent Application No.
2008-277596, filed on Oct. 29, 2008, the entire contents of
which are incorporated herein by reference.

2. Description of Related Art

The straightness of a surface of an object to be measured
can be measured using a three-point method (JP-A-2003-
25474°7). The surface profile can be determined by describing
measurement data of three displacement meters using a pro-
file of a locus curve which 1s the moving locus of reference
points of three displacement meters, a surface profile of the
object to be measured, and a profile of a pitching component
of three displacement meters and solving the described
expressions as simultaneous equations.

The computing operation of calculating the above-men-
tioned simultaneous equations 1s complicated and the prepa-
ration of the program requires significant labor.

SUMMARY OF THE INVENTION

An advantage of some aspects of the mvention 1s that it
provides a straightness measuring method capable of easily
calculating a surface profile of an object to be measured.

Another advantage of some aspects of the invention 1s that
it provides a straightness measuring apparatus measuring
straightness using the above-mentioned method.

According to an aspect of the invention, there 1s provided a
straightness measuring method including:

measuring distances from three displacement meters,
which are arranged 1n a first direction and fixed in relative
positions therebetween, to three measuring points arranged
along a measurement line that extends in the first direction on
a surface of an object to be measured while the three displace-
ment meters are opposed to the object to be measured while
moving a movable body relative to a stationary body 1n the
first direction, the moving body being either the three dis-
placement meters or the object to be measured and the sta-
tionary body being the other one;

determining candidate solutions defined by two profiles
among a suriace profile along the measurement line, a profile
of a locus curve which 1s the locus of a reference point fixed
to the movable body, and a profile of a pitching component
accompanied with the movement of the movable body; and

extracting a candidate solution with the highest fitness
from the candidate solutions by applying a genetic algorithm
to the candidate solutions using a fitness function defined on
the basis of the other profile, among the surface profile, the
profile of the locus curve, and the profile of the pitching
component, which does not define the candidate solutions.

According to another aspect of the invention, there 1s pro-
vided a straightness measuring apparatus including:

a table supporting an object to be measured;

a sensor head including three displacement meters which
are arranged 1n a first direction, the three displacement meters
cach measuring distances to measuring points arranged in the
first direction on the surface of the object to be measured;

a guide mechamism supporting a movable body which 1s
either the sensor head or the table, 1n such a manner that the
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movable body 1s able to move 1n the first direction relative to
a stationary body which 1s the other one out of the sensor head
and the table; and

a controller calculating a profile of the surface along a
measurement line parallel to the first direction on the basis of
the measurement data measured by the three displacement
meters,

wherein the controller performs:

acquiring measurement data by measuring the distances to
the measuring points on the surface along the measurement
line using the three displacement meters while moving the
movable body along a locus curve which 1s the locus of a
reference point fixed to the movable body;

defining candidate solutions using two profiles among a
surface profile along the measurement line, a profile of the
locus curve, and a profile of a pitching component of the
movable body; and

extracting a candidate solution with the highest fitness
from the candidate solutions by applying a genetic algorithm
to the candidate solutions using a fitness function defined on
the basis of the other profile, among the surface profile along
the measurement line, the profile of the locus curve, and the
profile of the pitching component of the movable body, which
does not define the candidate solutions.

Since the genetic algorithm 1s used, 1t 1s possible to acquire
the surface profile without carrying out complex calculations
such as simultaneous equations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a perspective view schematically illustrating a
straightness measuring apparatus according to an embodi-
ment of the imnvention and FIG. 16 1s a diagram schematically
illustrating a sensor head part.

FIG. 2 1s a diagram 1illustrating the definition of a surface
profile W(y) of an object to be measured, measurement data
1(v), 1(v), and k(y) of displacement meters, a locus curve h(y),
and a pitching component T(y).

FIG. 3 1s a flowchart 1llustrating a straightness measuring,
method according to another embodiment of the invention.

FIG. 4 1s a flowchart illustrating genetic algorithm
employed by the straightness measuring method according to
the embodiment.

FIG. § 1s a diagram 1llustrating a crossover carried out in a
genetic algorithm.

FIG. 6 1s a diagram 1llustrating a mutation carried out in the
genetic algorithm.

FIG. 7 1s a graph representing that an evaluation value
decreases (the fitness increases) as the number of generations
increases by using the genetic algorithm.

FIG. 8A 15 a graph illustrating the optimal solutions of the
locus curve h(y) and the pitching component T(y) calculated
by the genetic algorithm, FIG. 8B 1s a graph illustrating
measurement data of three displacement meters, and FIG. 8C
1s a graph 1llustrating the surface profile employing the opti-
mal solution calculated by the genetic algorithm.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1A 1s a perspective view schematically illustrating a
straightness measuring apparatus according to an embodi-
ment of the invention. A movable table 10 1s supported by a
table guiding mechanism 11 so as to be movable 1n one
direction. The xyz orthogonal coordinate system 1s defined 1n
which the moving direction of the movable table 10 1s defined
as the x axis direction and the vertically downward direction
1s defined as the z axis direction.
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A guide rail 18 supports a grinding head 15 above the
movable table 10. The grinding head 15 1s movable 1n the v
axis direction along the guide rail 18. The grinding head 15 1s
also movable 1n the z direction relative to the guide rail 18.
That 1s, the grinding head 15 can go up and down relative to
the movable table 10. A grinding stone 16 1s mounted on the
lower end of the grinding head 15. The grinding stone 16 has
a columnar shape and 1s mounted on the grinding head 15 1n
such an attitude that the center axis of the grinding stone 16
becomes parallel to the y axis.

An object 20 to be measured (object to be ground) 1s held
on the movable table 10. The surface of the object 20 to be
measured can be ground by moving the movable table 10 1n
the x direction while rotating the grinding stone 16 1n the state
where the grinding stone 16 1s brought into contact with the
surface of the object 20 to be measured.

The controller 19 controls the movement of the movable
table 10 and the grinding head 15.

As 1llustrated 1n FIG. 1B, a sensor head 30 1s mounted on
the lower end of the grinding head 15. Three displacement
meters 317, 317, and 31% are mounted on the sensor head 30.
For example, a laser displacement meter may be used for the
displacement meters 31, 31/, and 314 The displacement
meters 31/, 31;, and 314 can measure distances from the
displacement meters to measuring points on the surface of the
object 20 to be measured. The three displacement meters 311,
31/, and 31k are arranged 1n the y direction. The measuring
points of the three displacement meters 317, 315, and 314 are
also arranged 1n the y direction. Accordingly, the height of the
surface along a measurement line that 1s parallel to the y
direction can be measured. By taking measurements while
moving the grinding head 15 in the y direction, the surface
profile along the measurement line on the surface of the object
20 to be measured can be measured. Measurement data are
input to the controller 19 from the displacement meters 311,
31;, and 314

A coordinate system and various Iunctions will be
described now with reference to FIG. 2. In FIG. 2, the upward
direction 1s the positive direction of the z axis. Accordingly,
the positional relation 1n the vertical direction of the sensor
head 30 and the object 20 to be measured 1s reverse to that
illustrated in FIG. 1B. The displacement meters 31, 31/, and
31k%are arranged 1n series toward the negative direction of the
y axis. The zero point adjustments of the three displacement
meters 31i, 317, and 314 are completed and the zero points of
the three displacement meters are arranged 1n a straight line.
The gap between the zero point of the displacement meter 31
and the zero point of the displacement meter 315 and the gap
between the zero point of the displacement meter 15 and the
zero point of the displacement meter 314 are both represented
by P.

The profile of the surface of the object 20 to be measured
along the measurement line 1s expressed by W(y). The locus
ol a reference point (locus curve) when the sensor head 30 1s
moved 1n the y direction 1s expressed by h(y). The reference
point corresponds to, for example, the zero point of the central
displacement meter 31;. Ideally, the locus curve h(y) 1s a
straight line, but the actual locus curve 1s deformed away from
the 1deal straight line.

The inclination angle of the straight line connecting the
zero points of the three displacement meters 317, 31/, and 314
with respect to the y axis 1s expressed by 0(y). The 1deal
inclination angle 0(y) 1s zero, but the actual inclination angle
0(y) varies independently of the slope of the locus curve h(y),
because pitching occurs with the movement of the sensor
head 30. The height difference between the zero point of the
displacement meter 31/ and the reference point and the height
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difference between the zero point of the displacement meter
31k andthereference point can be expressed by T(y)xP. Here,
the pitching component 1s approximated to T(y)=sin(0(y)).
When the measured values of the displacement meters 311,
31;,and 31karei(y), 1(v), and k(y), respectively, the following
expression 1s established.

W(v+P)=h(y)+i(y)+T(v)x P (1)

W(y)=h(y)+j(y) (2)

W(y=P)=h(y)+k(y)-T(y)xP (3)

Since the inclination angle 0(y) 1s sufficiently small, cos(0
(v)) 1s approximate to 1.

The shape of the object 20 to be measured 1s, for example,
a square with side lengths of 2 m and the gap P between the
displacement meters 1s, for example, 100 mm.

FIG. 3 1s a flowchart 1llustrating a straightness measuring,
method according to an embodiment of the mvention. First,
the distances 1(y), 1(v), and k(y) to the measuring points on the
surface of the object 20 to be measured are measured with the
displacement meters 31i, 31j, and 314 while moving the
grinding head 15 and the sensor head 30 1n the y direction.
The measurement data are mput to the controller 19.

In step SA2, the noise component 1s removed by applying
a low-pass filter to the measurement data 1(y), 1(vy), and k(y).
To make the low-pass filter effective, the measurement data
1(y), 1(yv), and k(y) are acquired at intervals sufficiently
smaller than the gap P of the displacement meters. For
example, the measurement data 1(y), j(v), and k(y) are
acquired at intervals of 0.05 mm.

In step SA3, step data 1s generated by sampling the mea-
surement data 1(y), 1(v), and k(y) to which the low-pass filter
has been applied. The sampling period 1s, for example, half
the gap P of the displacement meters, that 1s, 50 mm.

In step SA4, the locus curve h(y) and the pitching compo-
nent T(y) are derived on the basis of the step datai1(y), 1(v), and
k(y) using a genetic algorithm.

FIG. 4 1s a flowchart specifically illustrating the process of
step SA4 employing the genetic algorithm. In the genetic
algorithm, a set of the locus curve h(y) and the pitching
component T(y) 1s treated as one 1ndividual solution.

In step SB1, individual solutions of the nitial generation
are generated. For example, the number of individual solu-
tions 1s 200. For example, the locus curve h(y) and the pitch-
ing component T(y) of one individual solution are set to 0.
The locus curve h(y) and the pitching component T(y) of
other 199 individual solutions are determined by random
numbers. In the initial state, the locus curve h(y) and the
pitching component T(y) of all the individual solutions may
be set to 0.

In step SB2, the individual solutions are evaluated using a
fitness function and the fitness of each of the individual solu-
tions 1s calculated. The fitness function 1s set on the basis of
the surface profile W(y). Since three displacement meters 314,
31/, and 31/, measure the profile along the same measurement
line on the surface of the same object 20 to be measured, three
surface profiles W, (y), W,(yv), and W,(y) calculated using
Expressions 1 to 3 should be equal to each other.

Here, the difference W, (y)-W,(y) between W, (y) and
W, (v) and the difference W, (y)-W,(y) between W,(y) and
W,(y) are first calculated. The zero-order component 1n a
polynomial expression of the surface profile W(y), corre-
sponds to the gap between the object 20 to be measured and
the sensor head 30 and the first-order component corresponds
to the attitude of the object 20 to be measured. That 1s, the
zero-order component and the first-order component of the
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surface profile W(y) do not relate directly to the surface
profile of the object 20 to be measured. Accordingly, the
zero-order component and the first-order component are
removed from the difference W, (v)-W,(v) and the difference

W, (y)-Wi(y).
The variance 1s calculated for both the difference W, (y)-

W, (v) and the difference W, (v)-W,(y) from which the zero-
order component and the first-order component are removed.
The sum of two variances 1s used as the fitness function. A
smaller fitness function value means higher fitness. All the
individual solutions are re-arranged based on the fitness.

In step SB3, the individual solutions to be crossed over are
selected. For example, selection probability 1s set in such a
mariner that individual solutions having higher fitness have a
higher probability of being selected. 10 pairs formed of two
individual solutions are selected on the basis of the selection
probability.

In step SB4, at least one of the locus curve h(y) and the
pitching component T(y) of each of the selected pairs of
individual solutions 1s crossed over to generate a new 1ndi-
vidual solution.

The crossover method will be described with reference to
FIG. 5. The locus curves h(y) and the pitching component
profiles T(y) of two individual solutions Ua and Ub selected
to be crossed over are shown among the individual solutions
ol the present generation. A part of the locus curve h(y) of the
individual solution Ua and the corresponding part of the locus
curve h(y) of the individual solution Ub are exchanged
(crossed aver) to generate new (child) individual solutions Uc
and Ud. The pitching component profiles T(y) of the new
individual solutions Uc and Ud respectively inherit from the
pitching component profile T(y) of the parent individual solu-
tions Ua and Ub. In this way, two idividual solutions are
newly generated from two individual solutions. Since 10 pairs
of individual solutions are selected in step SB3, new 10 pairs,
that 1s, 20 1mndividual solutions, are generated in step SB4.

The pitching component profiles T(y) may be crossed over
or both the locus curves h(y) and the pitching component
profiles T(y) may be crossed over.

When the process of step SB4 has ended, individual solu-
tions to be mutated are selected 1n step SBS. For example, 10
Individual solutions with high fitness are set aside, and 80
individual solutions are selected from the other 1 individual
solutions.

In step SB6, the selected individual solutions are mutated
to generate new (child) individual solutions.

The mutation method will be described with reference to
FIG. 6. In FIG. 6, one individual solution Ue selected 1n step
SBS5 1s shown. The Gaussian curve with a random width and
height 1s superposed on the locus curve h(y) of the individual
solution Ue to generate a new individual solution Uf. The
(Gaussian curve may be superposed on the pitching compo-
nent profile T(y) of the individual solution Ue or the Gaussian
curve may be superposed on both the locus curve h(y) and the
pitching component profile T(y). Since 80 individual solu-
tions are selected 1n step SBS, 80 individual solutions are
newly generated 1n step SB6.

In step SB7, the individual solutions with low fitness are
weeded out. Specifically, 100 individual solutions with low
fitness among 200 imdividual solutions of the present genera-
tion are replaced with the newly generated 100 individual
solutions. Accordingly, 200 new generation individual solu-
tions are determined.

In step SB8, the 200 new generation 1ndividual solutions
are evaluated to calculate their fitness. Since the fitness of the
100 individual solutions from the previous generation that
were not weeded out 1n step SB7 are already calculated, the
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fitness thereof need not be calculated again. 200 1individual
solutions of the new generation are re-arranged based on their
fitness.

In step SB9, 1t 1s determined whether the number of gen-
crations reaches a target value. When the number of genera-
tions does not reach the target value, the process returns to
step SB3. When the number of generations has reached the
target value, the locus curve h(y) and the pitching component
profile T(y) of the individual solution with the highest fitness
among all the individual solutions of the newest generation
are adopted as the optimal solution 1n step SB10.

The vanation of the evaluated value 1s shown mn FI1G. 7. The
horizontal axis represents the generation number and the
vertical axis represents the value of the fitness function
(evaluated value) of the individual solution with the highest
fitness among all the individual solutions of the present gen-
cration. As the generations progress, it can be seen that the
evaluated value decreases (the fitness increases). In the 2000-
th generation, the value of the fitness function has decreased
to about 0.4 um”. The standard deviation is 0.63 um, which
provides the satisfactory precision. Since the evaluated value
in the 500-th generation converges to about 90% and then the
finding of the optimal solution 1s performed slowly, 1t 1s
thought that the setting of the parameters of the genetic algo-
rithm 1s appropnate.

FIG. 8A illustrates the locus curve h(y) and the pitching
component profile T(y) of the individual solution with the
highest fitness. The vertical axis represents the values of h(y)
and T(v), where the unit of h(y) 1s “um” and the unit of T(y)
1s “10 urad”. The horizontal axis represents the position in the
y direction 1n the unit of “mm”™. Since the zero-order compo-
nent and the first-order component of the locus curve h(y) and
the pitching component profile T(y) have no relation to the
surface profile, FIG. 5A 1s shown with the zero-order com-
ponent and the first-order component removed.

FIG. 8B 1llustrates the measurement data1(y), 1(v), and k(y)
measured by the displacement meters 317, 317, and 31%. The
horizontal axis represents the position in the y direction 1n the
unit of “mm” and the vertical axis represents the values of the
measurement data 1n the unit of “um”. The zero-order com-
ponent and the first-order component are removed.

FIG. 8C shows the surface profiles W, (y), W,(y), and
W.(v) obtained by assigning the optimal solutions of the
locus curve h(y) and the pitching component profile T(y) into
Expressions 1 to 3. It can be seen that the differences among
the three surface profiles calculated using the optimal solu-
tions are smaller than the differences among the three mea-
surement data shown in FIG. 5B.

In the method according to this embodiment, 1t 1s possible
to calculate the optimal solutions of the locus curve h(y), the
pitching component profile T(y), and the surface profile W(y)
without having to directly solve simultaneous equations
including three unknown functions.

It 1s assumed 1n the above-mentioned embodiment that the
zero points of the three displacement meters 317, 31/, and 314
are adjusted so that the zero points are located in a straight
line. The case where the zero points are not adjusted will be
described now. When the distance from the straight line con-
necting the zero points of the displacement meters 31i and 314
at both ends to the zero point of the central displacement
meter 317 1s 0, Expression 2 can be re-described as follows.

W(y)=h(y)+j(y)+0 (4)

By eliminating T(y) and h(y) from Expressions 1, 3, and 4,
the following expression 1s obtained.

W+ P)=-2Wy)+ W(y—-P)+20=i(y)-2j(y)+k(y)

(3)
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Here, 1t 1s assumed that the surface profile W(y) 1s
expressed by the following cubic expression 6.

Wy)=ay +by*+cy+d (6)

By substituting Expression 6 into Expression 5, Expres-
sion 7 1s obtained.

6aP°y+2bP°4+28=i(v)-2i(y)+k(¥) (7)

All of the terms 1n the right side of Expression 7 are mea-
surement data and the gap P of the displacement meters 1s
known. Therefore, unknown a in the left side can be calcu-
lated from the first-order component of variable y 1n the right

side. Even when the zero-order component of y in the right
side can be found, ¢ 1n the left side 1s unknown and thus

unknown b cannot be determined. That i1s, the third-order

component a of the surface profile W(y) can be determined
but the second-order component b cannot be determined. The

fourth-order or higher-order components of the surface pro-
file W(y) can be determined in the same way as the third-order
component.

The second-order component of the locus curve h(y) 1s a
lower-order component for determining the rough shape of
the locus curve and 1s thought to be high reproducibility. That
1s, 1t 1s thought that no great variation exist in each of the
measurements. Therefore, by measuring the second-order
component of the locus curve h(y) in advance and assigning
the second-order component into Expression 4, the second-
order component of the surface profile W(y) can be deter-
mined.

It 1s thought that the third-order or higher-order compo-
nents of the locus curve h(y) varies in every measurement. In
the embodiment, the third-order or higher-order components
of the surface profile W(y) are determined on the basis of the
actual measurement data 1(y), 1(v), and k(y). Accordingly,
even when the third-order or higher-order components of the
locus curve h(y) varies from one measurement to another, 1t 1s
possible to calculate the surface profile W(y) with high pre-
cision without any 1nfluence from the variations.

An example of the method of measuring the second-order
component of the locus curve h(y) will be described now.
First, the object 20 to be measured of which the surface profile
W(y) 1s known 1s placed on the movable table 10. If the
surface profile W(y) 1s not known, the surface profile W(y) of
the object 20 to be measured placed on the movable table 10
1s measured without any influence from the locus curve h(y).
For example, by moving a tilt meter along the measurement
line on the surface of the object 20 to be measured, the surface
profile W(y) can be measured.

The surface of the object 20 to be measured of which the
surface profile W(y) 1s known 1s measured with the central
displacement meter 31;. Since the surface profile W(y) and
the measurement data j(y) in Expression 5 are known, the
second-order component of the locus curve h(y) can be deter-
mined.

In the above-mentioned embodiment, the surface profile of
the object 20 to be measured can be calculated without mak-
ing complex calculations such as solving simultaneous equa-
tions including three unknowns.

In the above-mentioned embodiment, the candidate solu-
tions of the genetic algorithm are defined using the locus
curve h(y) and the pitching component profile T(y), and the
fitness Tunction 1s defined on the basis of the surface profile
W(y). Alternatively, the candidate solutions may be defined
using two profiles among the locus curve h(y), the pitching
component profile T(y), and the surface profile W(y), and the
fitness function may be defined using the other profile.
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In the above-mentioned embodiment, the displacement
meters 31i, 317, and 314 are moved relative to the object 20 to
be measured, but the object 20 to be measured may be moved
relative to the displacement meters 31:, 31, and 31%. For
example, 1n FIG. 1A, by arranging the displacement meters
31i, 31/, and 314 1n the x direction and performing a measure-
ment while moving the object 20 to be measured 1n the x
direction, it 1s possible to measure the surface profile along
the measurement line parallel to the x direction on the surface
of the object 20 to be measured. By rotating the sensor head
30 illustrated 1n FIG. 1B by 90° about the rotation axis par-
allel to the z axis, the displacement meters 31, 317, and 31%
can be arranged 1n the X direction. The sensor head 30 may be
provided with such a rotating mechanism.

By overlapping the surface profiles along the plural mea-
surement lines parallel to the x direction with the surface
profiles along the plural measurement lines parallel to the y
direction, 1t 1s possible to obtain two-dimensional surface
profile mformation on the surface of the object 20 to be
measured.

Although the invention has been described with reference
to the embodiment, the invention 1s not limited to the embodi-
ments. For example, 1t 1s obvious to those skilled in the art that
various modifications, improvements, and combinations may
be made to the mvention.

What 1s claimed 1s:

1. A straightness measuring method comprising;

measuring distances from three displacement meters,

which are arranged 1n a first direction and fixed 1n rela-
tive positions therebetween, to three measuring points
arranged along a measurement line that extends 1n the
first direction on a surface of an object to be measured
while the three displacement meters are opposed to the
object to be measured while moving a movable body
relative to a stationary body in the first direction, the
moving body being either the three displacement meters
or the object to be measured and the stationary body
being the other one;

determining candidate solutions defined by two profiles

among a surface profile along the measurement line, a
profile of a locus curve which 1s the locus of a reference
point fixed to the movable body, and a profile of a pitch-
ing component accompanied with the movement of the
movable body; and

extracting one candidate solution with highest fitness from

the candidate solutions by applying a genetic algorithm
to the candidate solutions using a {fitness function
defined on the basis of the other profile, among the
surface profile, the profile of the locus curve, and the
profile of the pitching component, which does not define
the candidate solutions.

2. The straightness measuring method according to claim
1, wherein the candidate solutions are determined using the
proflle of the locus curve and the profile of the pitching
component, and the fitness function 1s defined using the sur-
face profile.

3. The straightness measuring method according to claim
1, wherein first, second, and third surtace profiles are calcu-
lated from the measurement results of the three displacement
meters, respectively,

wherein a first difference between the first surface profile

and the second surface profile 1s calculated, a zero-order
component and a first-order component are removed
from the first difference, and a first variance of the first
difference 1s then calculated,

wherein a second difference between the second surface

profile and the third surface profile 1s calculated, a zero-
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order component and a first-order component are
removed from the second difference, and a second vari-
ance of the second difference 1s then calculated, and

wherein the fitness function 1s defined on the basis of the
first variance and the second variance.

4. A straightness measuring apparatus comprising:

a table supporting an object to be measured;

a sensor head including three displacement meters which
are arranged 1n a first direction, the three displacement
meters each measuring distances to measuring points
arranged 1n the first direction on the surface of the object
to be measured;

a guide mechanism supporting a movable body which 1s
either the sensor head or the table, in such a manner that

10

the movable body 1s able to move 1n the first direction 15

relative to a stationary body which 1s the other one out of
the sensor head and the table; and

a controller calculating a profile of the surface along a
measurement line parallel to the first direction on the

basis of measurement data measured by the three dis- 20

placement meters,

10

wherein the controller performs:

acquiring measurement data by measuring the distances to
the measuring points on the surface along the measure-
ment line using the three displacement meters while

moving the movable body along a locus curve which 1s
the locus of a reference point fixed to the movable body;

defining candidate solutions using two profiles among a
surface profile along the measurement line, a profile of
the locus curve, and a profile of a pitching component of
the movable body; and

extracting one candidate solution with highest fitness from
the candidate solutions by applying a genetic algorithm
to the candidate solutions using a {fitness function
defined on the basis of the other profile, among the
surface profile along the measurement line, the profile of
the locus curve, and the profile of the pitching compo-
nent of the movable body, which does not define the
candidate solutions.
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